Abstract-Relaxant responses to vasodilators, including nitroglycerin, sodium nitroprusside, prostaglandin I2 sodium salt (PGI2), prostaglandin E1 (PGE1), diltiazem hydrochloride and adenosine, were compared in helical strips of dog coronary arteries of different sizes and in coronary and mesenteric arterial strips. The relaxant responses to nitroglycerin, sodium nitroprusside, diltiazem and adenosine were significantly greater in coronary arteries than in mesenteric arteries, whereas the responses to PGI2 and PGE1 in these arteries did not significantly differ. In coronary arteries of different sizes, the relaxation induced by nitroglycerin was in the order of large>medium>small -size, while in contrast, the relaxations by adenosine, PGI2 and PGE1 were greatest in the small-size arteries and least in the large-size arteries.
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The relaxant responses to sodium nitroprusside and diltiazem did not differ in the coronary arteries of different sizes. Nitroglycerin, sodium nitroprusside and diltiazem appear to dilate coronary arteries more predominantly than mesenteric arteries.
The preferential dilator action of PGI2 and PGE1 on distal coronary arteries, like that of adenosine, may lead more blood to re-distribute to the non-ischemic region of the heart in anginal patients.
Vasodilators have recently been used in patients with congestive heart failure to reduce systemic vascular resistance or left ventricular afterload with resultant improve ment of left ventricular function (1, 2) . Vasodilators have potential abilities to dilate not only the systemic vascular bed but also the coronary artery. It has been recognized that nitroglycerin acts mainly on the proximal, large coronary artery, whereas dipyridamole preferentially dilates the distal coronary artery, resulting in a decrease in total coronary vascular resistance (3, 4 Fig. 3 . Greater relaxations induced by PG12 as well as adenosine are seen in the small-size arteries than in the large arteries. In contrast, nitro glycerin produced a greater relaxation in the large coronary artery, as shown in Fig. 4 papaverine was taken as 100%; mean absolute values in coronary arteries were 1330±160 mg (n=7), 1620±230 mg (n=1 2) and 1010±100 mg (n=7), respectively, and those in mesenteric arteries were 1220±180 mg (n=7), 1470±310 mg (n=12) and 1520±200 mg (n=7), respectively.
Vertical bars represent the S.E.M. Relaxant responses induced by AD were significantly greater in coronary arteries (P<0.05) than in mesenteric arteries, but no significant differences were found in the relaxation induced by PGE, and PGI2. (10-' M). Relaxation induced by 10-4 M papaverine was taken as 100%: mean absolute values in large arteries were 3040±490 mg (n=10), 3820±910 mg (n=7) and 3210±430 mg (n=13), respectively; those in medium-size arteries were 2020±430 mg (n=10), 2440±330 mg (n=7) and 2120±170 mg (n=13), respectively; and those in small-arteries were 560±110 mg (n=10), 580±190 mg (n=7) and 810±220 mg (n=13), respectively. Vertical bars represent the S.E.M. Relaxant responses induced by NG were significantly greater in large arteries (P<0.05) and less in small arteries (P<0.01) than in medium arteries. There were no significant regional differences in the relaxations induced by NP and DZ. Fig. 6 . Dose-response curves of PGE,, PGI2 and adenosine (AD) in isolated dog coronary arteries of different sizes. Preparations were contracted with carbocyclic TXA2 (10-' M). Relaxation induced by 10-4 M papaverine was taken as 100%; mean absolute values in large arteries were 2430±610 mg (n=7), 3370±330 mg (n=12) and 3460±650 mg (n=8), respectively; those in medium-size arteries were 2020 ±330 mg (n=7), 2390±220 mg (n=12) and 1870±170 mg (n=8), respectively; and those in small arteries were 250±50 mg (n=7), 790±190 mg (n=1 2) and 280±40 mg (n=8), respectively. Vertical bars represent S.E.M. Relaxant responses induced by PGE,, PG12 and AD were significantly greater in small arteries (P<0.01 with PGE,, P<0.05 with PG12 and AD) and less in large arteries (P<0.01 with PGE,, PG12 and AD) than in medium-size arteries.
Discussion
The results of our experiments with isolated dog arteries revealed that some of the vasodilators produced a different magnitude of relaxations in the proximal, large coronary arteries and the distal, small arteries.
Nitroglycerin dilated proximal coronary arteries to a greater extent than the distal arteries, whereas adenosine produced a greater relaxation in the distal arteries. These findings are consistent with those in the in vitro study of Schnaar and Sparks (13) using isolated dog coronary arteries of 2 mm o.d. as large arteries and arteries of 550 It o.d. as small ones. The inside diameters of small coronary arteries used in the present study are under 300 microns, being less than those used in the study of Schnaar and Sparks (13 preferentially reduces large coronary artery resistance under normal and ischemic con ditions, and adenosine has a main action on resistive coronary vessels under normal perfusion, resulting in a reduction of the total coronary vascular resistance. Therefore, the isolated small coronary arteries that we used appear to share functional characteristics with resistant arterioles in vivo.
Drug-induced changes in large vessel tone would be important in patients with spasm of proximal coronary arteries. Coronary arterial spasm with or without fixed organic stenosis is considered to be closely related to the pathophysiology of not only variant angina but also of other ischemic heart disease including some of rest angina, effort angina and myocardial infarction (15-17). Mechanisms by which coronary arterial spasm is triggered are not fully known, but in recent days, great attention is paid to TXA2 derived from platelets in blood (5). Our results using coronary artery strips con tracted with carbocyclic TXA2, a stable analog of TXA2 (6) , indicate that nitro glycerin may be most effective in remission of vasoconstriction in the large coronary arteries. On the contrary, exogenous PG12 as well as PGE1 do not appear to effectively inhibit coronary artery vasoconstriction. In fact, PG12 given intravenously suppressed attacks evoked spontaneously or by ergono vine only in one out of 9 patients with variant angina (18). Another clinical implication of the regional differences is related to the effects on the patients with ischemic heart disease who have significant organic stenosis in coronary arteries. Nitroglycerin is reported to dilate epicardial large coronary arteries and would contribute to the redistribution of the coronary blood flow (19-21). In contrast, adenosine, a potent metabolic coronary vasodilator, preferentially relaxed the distal portion (13, 22) . The peripheral arteries which are expected to dilate maximally under the ischemic condition could not be dilated any more by vasodilators, while they dilate vessels in the healthy region, resulting in decrease of regional blood flow to ischemic areas (23, 24) . Dipyridamole (25) , an adenosine potentiator, is a drug potentially causing transient myocardial ischemia by such "coronary steal" due to its vasodilating action on coronary arterioles in patients with significant organic stenosis. Both PG12 and PGE1 may cause "coronary steal" because of their preferential actions on small arteries, like those of adenosine. Mehta et al. (26) reported that intravenous PG12 did not alter the regional blood flow across the fixed stenosis produced by an external occluder, but increased the flow in the non-ischemic area in dogs.
Both sodium nitroprusside and diltiazem did not show selective dilator actions on large and small coronary arteries. Diltiazem produced progressive and sustained relax ations, which were different from those induced by the other vasodilators used.
Our data also demonstrated that nitro glycerin, sodium nitroprusside, diltiazem and adenosine relaxed coronary arteries to a greater extent than mesenteric arteries when contracted with carbocyclic TXA2. Feldman et al. (27) We clearly demonstrated a regional differ ence in vasodilator actions in isolated dog arteries. Clinical evaluations are required to determine whether such a different action is true in patients with angina pectoris, acute heart failure and hypertension.
